The PCR based RAPD analysis was used to study genetic relationship among roselle and kenaf accessions. Extraction of genomic DNA samples of nine roselle (Hibiscus sabdariffa L.) and seven kenaf (Hibiscus cannabinus L.) accessions were successfully performed by Cetyl Trimethyl Ammonium Bromide (CTAB) method. RAPD analysis using two chloroplast primers and one mitochondrial primer produced about 62 bands of different sizes. Most of the fragments were polymorphic where 2-3 fragments were monomorphic in each primer. Sixteen accessions were classified into two main groups A and B through dendogram generated using RAPD polymorphism. Five kenaf accessions were included in group A, whereas nine roselle accessions and two kenaf accessions were included in group B. A group was formed with a range of similarity coefficients of 0.5333 to 0.8780 having all roselle accessions. Bengkalis was different from Hibiscus sp but it was close to roselle accessions. Noonsoon was very close to roselle accessions having a range of jaccard similarity coefficients of 0.5000 to 0.6326. It was evident from jaccad similarity coefficient of 0.8780 that the roselle varieties UKMR 1 and UKMR 2 were genetically closer to each other. On the other hand, V36 and Thainung showed the highest similarity coefficient (0.7878) among kenaf accessions in group A. This study has successfully differentiated between two species by using chloroplast and mitochondrial markers which was due to high level of polymorphism. However, the chloroplast primers were more effective than M13 to study the genetic variation between roselle and kenaf.
Introduction
Hibiscus L. is the type genus of the tribe Hibisceae of the family Malvaceae (BarssumWaalkes, 1966) . The genus contains about 300 species that grow in tropical and subtropical regions throughout the world (Anderson and Pharis, 2003) . It includes both annual and perennial herbaceous plants. Some of the species are economically important as a source of food, beverage, fiber, medicines and other species as ornamentals (Wilson and Menzel, 1964; Mohamad et al., 2005; Bolade et al., 2009) .
One species of Hibiscus, known as roselle (Hibiscus sabdariffa) which is originated in Africa (David and Adam, 1988) and widely cultivated in West Africa as vegetable plant. Roselle also known as sorrel, mesta, karkade and popular plant in Middle Eastern countries (Morton, 1987; AbuTarboush et al., 1997) . It is also found in almost all tropical countries including Malaysia, South East Asia, Indonesia, and Thailand (Chewonarin et al., 1999; Rao, 1996) . It has been introduced to Malaysia in early 1990s (Mohamad et al., 2002) and have been brought to Malaysia from India (Tsai et al., 2002) . Roselle is currently an important cash crop grown in the East Coast of Malaysia especially in Terengganu and Kelatan. The first commercial cultivation has been promoted by DOA, Terengganu in 1993. There are two varieties currently available for growers to cultivate, "Terengganu" and "Arab" (Mohamad et al., 2002) . In April 2009, UKM released three new varieties named UKMR-1, UKMR-2 and UKMR-3, respectively. Roselle is locally known as "asam kumbang", "asam susur" and, "asam paya". It is grown mainly for its red acid succulent calyces that can be made into a drink or to make jams or jellies. The red coloring makes it a popular ingredient of commercial herbal teas. In some places its leaves are also used as a vegetable and its stem has a fiber that is sometimes used for domestic purposes. The seeds contain oil, which is good as a lubricant fuel, and used for making soap.
Another one, kenaf (Hibiscus cannabinus L.) is extensively used in fiber making. Kenaf is an annual herbaceous crop of the Malvaceae family, which is known for both its economic and horticultural importance. It is a fiber plant native to east central Africa where it has been grown for several thousand years for food and fibre (LeMahieu et al., 2003) . Kenaf is a short day, annual herbaceous plant cultivated for the soft bast fibre in its stem (Dempsey, 1975) . According to Dempsey (1975) , there are more than 129 common names for kenaf worldwide. For instance, mesta (India, Bengal), stokroos (South Africa), Java jute (Indonesia), ambari (Taiwan) (Lin et al., 2004; Li and Mai, 2006) . Kenaf grows in tropical and temperate climates and thrives with abundant solar radiation and high rainfall. Under good conditions kenaf can grow at a height of 5-6m in 6-8 months (Wood, 2003) . Kenaf is composed of various useful components and within each of these plant components there are usable portions e.g. fibres and fibre strands, proteins, oils, and allelopathic chemicals. The combined attributes of these components provide ample potential product diversity to continue use and development of this crop (Webber and Bledsoe, 2002) . Much research has been done in kenaf, and a large number of varieties have been developed to meet the demands of high-fiber-yielding and disease-resistant kenaf in the recent decades (Dempsey, 1975; Bitzer et al., 2000) . Kenaf is commercially cultivated in more than 20 countries, particularly in India, China, Thailand, and Vietnam as an important crop (FAO, 2003) .
Identification and understanding of genotypic relationships between roselle and kenaf germplasm is important, which significantly promote their effective utilization and conservation. Traditionally, identification was based only on morphological and agronomical features. Since it is difficult to identify cultivars based entirely on these features, it is important to find an effective method to accurately identify roselle and kenaf varieties to meet research needs. Several kinds of methods which can be used to measure levels and patterns of genetic variation, which range from morphological characterization to various DNA-based markers such as restriction fragment length polymorphism (RFLP), randomly amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP) and simple sequence repeats (SSR) (Crawford, 2000; Newton et al., 2002; Martinez et al., 2003; Fontaine et al., 2004; Murtaza, 2006 , Ferdousi Begum et al. 2013 . Different types of molecular markers are used to detect differences between individuals (Bernardo, 2008) . The following markers are mostly used in genetic diversity studies listed in chronological order: RFLP (restriction fragment length polymorphism), SSR (simple sequence repeats or just microsatellites), RAPD (randomly amplified polymorphic DNA) (Williams et al., 1990) or AP-PCR (arbitrarily primed PCR) ISSR (inter-simple sequence repeats) AFLP (amplified fragment length polymorphism), SNPs (single nucleotide polymorphisms) and, more recently, DarT (diversity array technology) and other high throughput platforms (Karp et al., 1997, Chen and Sullivan, 2003; Kilian et al., 2005) . DNA fingerprinting techniques such as random amplified polymorphic DNA (RAPD) (Williams et al., 1990) permits to identify taxa and to determine the phylogenetic relationships for systematic analysis. The narrow genetic base of cultivars may lack sufficient allelic diversity. But investigations of genetic relatedness are possible based on mtDNA or cpDNA markers (Skuza et al., 2013) . Chloroplast and mitochondrial markers showed high level of polymorphism than DNA markers. That is why the chloroplast primers were more effective than M13 to study the genetic variation between roselle and kenaf.
This study was carried out to determine the genetic relationship between roselle and kenaf through optimization of PCR based RAPD method. This study will contribute basic knowledge in the aspect of their phylogenetic relationships and intraspecific diversity. 
Materials and Methods

Plant material
Sixteen accessions of Hibiscus sp among which nine accessions of roselle (Hibiscus sabdariffa) and seven accessions of its relative kenaf (Hibiscus canabinus) were included in the present investigation (Table 1) were collected from five countries (Malaysia, Thailand, Nigeria, Cuba, Indonesia). Seeds of all accessions were germinated in different tray in the glasshouse, Faculty of Science and Technology (FST), UKM, Bangi. After a week, the geminated seeds are transferred into a small poly bag and left to grow for four weeks. Seedlings of roselle and kenaf accessions were planted in a pot inside the Greenhouse (temperature 20°C and relative humidity 60%).
DNA extraction
DNA extracted from young leaves of roselle and kenaf by using Cetyl Trimethyl Ammonium Bromide (CTAB) method (Murray and Thompson, 1980) which is a modified version of Doyle and Doyle's (1990) method. Approximately 2-3 g leaves were crushed into fine powder using a mortar and pestle in liquid nitrogen. Leaf powder was then placed in eppendorf tubes containing 1 ml buffer solution of CTAB and 2 μl β-mercaptoethanol and then incubated at 65ºC for 4 hours. Samples were kept at room temperature for five minutes after incubation. The mixture was then centrifuged at 13000 rpm for five min. The supernatant was transferred to a fresh tube after centrifugation. The mixture was treated with 200 μl chloroform: isoamyl alcohol (CIA) (24:1) and shaken gently by inverting the tubes 8-10 times then centrifuged at 13000 rpm for 15 min. Centrifugation steps were repeated to ensure no contamination of DNA genome with protein once the supernatant was transferred into new tubes and 500 μl of 24 chloroform : 1 isoamyl alcohol was added. DNA sample was treated with RNase to remove all RNA. A total of 0.6 volume of isopropanol kept in the refrigerator was added and then turned the tube gently until mixed well. Tubes were then stored overnight at -20ºC. The precipitate tube was centrifuged at a speed of 13000 rpm for 15 minutes and supernatant removed. Pellets formed at the bottom of the tube wre dried at room temperature for 10 minutes. Then a total of 1 mL CTAB wash buffer solution was added into the tube and incubated at room temperature for 30 minutes and centrifuged. Supernatant was discarded and resulting DNA pellet left to dry at room temperature after washing with 70% ethanol. Finally, 20-25 μl of TE buffer solution was added into the eppendorf tube containing the dried DNA pellet above. Then the samples were stored at -20 º C in the refrigerator.
Confirmation and quantification DNA quality
Quantification and analysis of quality are necessary to ascertain the approximate quantity of DNA obtained after isolation and the suitability of DNA sample for further analysis. The quality of DNA samples were determined by PCR analysis using primer specific gene nad5-F and nad5-R. Nad5 gene is multi-copy genes that are conserved in the mitochondrial genome and occurs naturally in the genome of higher plants (Mannerlof and Tenning, 1997) . Electrophoresis was carried out in 1% agarose gel using molecular marker size 800 bp. and when there is, indicating that the DNA quality of samples is good. On the other hand, if there is no DNA bands produced, suggesting that the low quality of DNA samples and DNA extraction process must be repeated. Table 2 shows the reaction time and number of PCR cycle used in PCR-NAD. Nad5-F: 5' -TAG CCC GAC CGT AGT GAT GTT AA -3' Nad5-R: 5' -ATC ACC GAA CCT GCA CTG AGG AA -3'
RAPD Polymerase Chain Reaction
Reaction mixture and conditions PCR-RAPD reaction was performed in 25 μl reaction mixture consisting of 10x buffer (Promega), 25 mM MgCl 2 (Promega), 10 mM dNTPs (Promega), 20 μM primers, template DNA and 500 U Taq DNA polymerase (Promega) using Eppendorf Master Cycle. The thermal cycle profiles for PCR-RAPD reaction are presented in Table 2 .
Primers
Three primers (Chl-1, Chl-4, and M13) were used for the PCR amplification. The sequences of these primers are given in Table 3 . The primers were selected on the basis of their high polymorphisms when tested with poplar clones except for the M 13 universal primer (Castiglione et al., 1993) . The 20 nucleotide primers are from a collection of primers copied on the complete sequence of rice chloroplast DNA obtained from Masahiro Sugiura, Chikusa, Nagoya 464, Japan (Castiglione et al., 1993) .
Optimization of PCR parameter
Experiments were carried out with varying concentrations of DNA template and annealing temperature to optimize the PCR amplification condition. Optimization of PCR reactions needed to produce a protocol prior to RAPD amplification to generate a clear and consistent. The parameters for PCR were as PCR buffer, MgCl 2 , dNTPs, OPERON primers (OPERON Technologies Inc., USA), the enzyme Taq polymerase, template DNA and sterile distilled water (dH 2 O), annealing temperature and number of PCR cycles. Parameters involved in optimization are the quantity of template DNA. Four different concentrations of DNA template were used (0.3μl, 0.5μl, 1 μl, 2 μl ) and the annealing temperature was varied from (36ºC, 37ºC , 38ºC, 39ºC, 40ºC, 41ºC and 42ºC).
Gel electrophoresis
Electrophoresis on 1.5% agarose gels in a 1X TBE buffer for 1 hour 30 minutes with a voltage of 80V to allow strips of DNA generated by PCR amplification can be separated. The gels were stained with ethidium bromide (EtBr) for 20 seconds and washed in distilled water for 15 minutes before photograph taken over UV light. 
DNA band scoring and determination of relatedness
Strips of DNA that differ between roselle and kenaf were scored to analysis data. The RAPD fragments were scored as present (1) or absent (0) of homologous DNA bands considering each amplified DNA fragment as an unit character. The molecular size of the amplification products was measured by comparing with marker DNA ladder. The presence (1) and absence (0) of the bands was scored in a binary data matrix. Polymorphic bands were scored and used for further analysis. The genetic distance were calculated based on the similarity coefficient and the dendrogram was created with the UPGMA (unweighted pair-group method using arithmetical averages) method of the NTSYS-PC (Numerical Taxonomy and Multivariate Analysis System for personal computers) software, Version 2.1 to clarify the genetic relationships (Rohlf, 2000) . Jaccard coefficients were used to calculate the value of genetic identity and the formula is shown below:
Where, J = Jaccard coefficients a = total number of bands in two for the two accessions x and y b = Total number of bands in accession x, c = total number of bands in accession y.
Results and Discussion
DNA extraction and quantification
The CTAB method has been used successfully to isolate DNA from leaf tissues of all the accessions of roselle and kenaf. DNA extracts often contain RNA, proteins, polysaccharides, tannins and pigments, which may interfere with the extracted DNA. Most proteins were removed by precipitation using chloroform and isoamyl alcohol. RNAs was removed using RNase enzymeA. DNA samples of all accessions of roselle and kenaf were electrophoresed in 1% agarose gel with DNA marker λ HindIII. The concentration of genomic DNA was determined by comparing the brightness of the DNA band with the bands of λ HindIII DNA marker. The concentration of genomic DNA extracted from sixteen roselle and kenaf accessions ranged from 2.4 ng to 18 ng per μl of the diluted DNA (Table 4) . The results of the extraction of DNA for the sixteen accessions, control (without DNA) and λ HindIII DNA marker after electrophoresis was shown in Figure 1 . Figure 1. PCR products using nad5 primer for nine roselle and seven kenaf accessions. Lanes 1-17 = accessions except 9 (control: without DNA) as in Table 1 ; M = M: DNA size marker 100bp.
Determination the quality of genomic DNA
The extracted genomic DNA must be of high quality and pure so that DNA samples can be amplified using polymerase chain reaction (PCR) with efficiency. Before the genomic DNA used for PCR-RAPD reaction, DNA amplification using the primer nad5-F and nad5-R was done to ensure the reliability and quality of DNA. The expected amplified fragment size was 800 bp for good quality DNA after PCR amplification. NAD was able to produce 800 bp fragment size for DNA samples for all accessions studied (Figure 1 ). Nad5 gene is multi-copy genes that are conserved in the mitochondrial genome and occurs naturally in the genome of higher plants (Mannerlof and Tenning, 1997) . Nad5 gene was used as internal control to ensure that genomic DNA was extracted with high quality and suitable for use in a subsequent PCR reaction.
PCR optimization
According to Williams et al. (1993) optimization is very important step to obtain a high intensity pattern of stripping the maximum number of bands of DNA. The concentrations of MgCl 2 , primer, template DNA, dNTPs and Taq DNA polymerase were optimized using template DNA (0.2 μl, 0.3 μl, 0.5 μl, 1.0 μl and 2 μl) at the beginning of the PCR reaction to obtain clear banding pattern during amplification. However, it appears some of the PCR products did not produce any DNA band. After optimization found that 0.5 μl and 1μl of the diluted template DNA were used in the PCR-RAPD reaction to provide clarity and sharpness of the bands. Optimization of the annealing temperature was also done using temperatures of 34ºC, 36ºC, 37ºC, 38ºC, 39ºC, 40ºC, 41ºC. It was found that the optimum annealing temperature was 38ºC for most of the amplified DNA band compare to others. The genetic relationship in roselle (Hibiscus sabdariffa L.) varieties using M13 primer found that the optimum annealing temperature is 38ºC. Hence the concentration of MgCl 2 , dNTPs mixture concentration, the concentration of primers, and Taq polymerase enzyme concentration were also varied in order to obtain the appropriate results. The initial concentration of MgCl 2 was used 2 mM.
Various concentrations of MgCl 2 (2 mM, 2.5 mM and 3 mM) were studied and found that 3 mM was the optimal. The concentration of dNTP mixture was raised to 1 mM in the amplification reaction. The original mix of dNTP concentrations was 0.25 mM. It was found out that the concentrations of 0.5 and 1 mM dNTP mixture respectively produced bright band of DNA in amplification reaction.
RAPD profiles
Genetic relationships and genetic diversity in a number of plant taxa have widely been studied using RAPD markers because of its simplicity, speed and relatively low cost compared to other DNA-based markers (Esselman et al., 2000) . But dominant inheritance and repeatability of the bands have limits the use of RAPD technique in the assessment of genetic diversity and genetic relationships (Fischer, 2000) . Three primers were used for identification based on the DNA polymorphism of the accessions. All primers were amplified multiple fragments in each accession. Each sample of roselle and kenaf produced a specific band after running the PCR reaction and electrophoresis in 1% agarose gel irrespective of primers used (Figure 2A-C) . This was because each of the amplified DNA fragment has a number of different repeating unit of minisatellite and size of the different lines represent different loci. The marker that used to determine the size of DNA fragment was 100 bp.
Band scoring
Three primers (Chlo 1, Chlo 4 and M13) were produced clear and reproducible bands across all the accessions of reselle and kenaf (Figure 2A-C) . These primers generated 62 bands with different size range. Some polymorphisms were easy to score whereas other bands appeared to produce ambiguous fragments. Chlo 1 primer produced 25 fragments which range from 200 to 2381 bp with two monomorphic fragments ( Table 5 ). The primer Chlo 4 produced 20 fragments which range from 200 to 2021 bp and among them two fragments were monomorphic. Whereas M13 primer produced 17 fragments that range from 300 to 1976 bp and three fragments were monomorphic fragments. Figure 2 . The RAPD profile using primers (A) chlo 1, (B) chlo 4, and (C) M 13 for nine roselle and seven kenaf accessions, Lanes 1-17 = landraces except 9 (control: without DNA) as in Table 1 ; M = M: DNA size marker 100bp
Jaccard similarity coefficient analysis
The genetic distance was calculated based on Jaccard's similarity coefficient using SIMQUAL program in NTSYS-pc software to clarify the genetic relationships (Table 6 ). An UPGMA dendrogram was constructed using NYSYSpc 2.10 software. A clear divergence between the two related species was found from the cluster analysis. Jaccard similarity coefficient between roselle and kenaf ranged from 0.2800 to 0.8780 which revealed a wide range of genetic identity. Jaccard mean genetic similarity values between accessions of roselle was 0.7052 and the accession of kenaf was 0.5489. While similarity coefficients between both roselle and kenaf accession was 0.5370. Based on this value it was noticed that the relationship between roselle accessions was closely related than between the accessions of kenaf. The mean identity of the polymorphism of the entire sample was 0.5370, indicating that high levels of polymorphism (Besse et al., 1993) for the accession of roselle and kenaf. 
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High similarity coefficient of 0.8780 was measured between the accession UKMR-1 and UKMR-2. This relationship supported further by the results of cluster analysis, which showed accession UMMR-1 and UKMR-2 are members of the second group (B). These two roselle accessions have high similarity with their parent accession 21 as well (Figure 3) . However, accession 21 had the highest similarity with accession 12 (0.8775). Furthermore, in the first group V36 accession and Thainung had the highest similarity coefficient between kenaf accessions (0.7878). Due to high rates of gene flow, exchange of germplasm and the pressure of natural selection the value of genetic similarity can increase (Rajasekar et al., 2005) . According to analysis of the Jaccard similarity coefficient, accession 6 and Cuba had low similarity coefficient (0.2800). This indicated that both the accessions were genetically distant.
Genetic relationships between accessions of roselle and kenaf
The dendrogram constructed by the UPGMA clustering method revealed the genetic relationship among 16 accessions of roselle and kenaf ( Figure  3 ). The cluster analysis demonstrated a considerable divergence among the included accessions, particularly between kenaf and roselle. RAPD analysis provided a relatively clear pattern of genetic relationships among the kenaf and roselle accessions. All the accession clustered into two major groups. The roselle accessions with two of kenaf accessions were clustered in one group and remaining kenaf accession was in the other group. The first group (A) consists of five accessions of kenaf (G393, Cuba, V36, Thainung and G4). Whereas, the second group (B) was consisted with eight accessions of roselle (Accession 3, Accession 6 ,Accession 12, Accession 21,UKMR 1,UKMR 2, Nigeria, Accession 8 and other species of hibiscus named Bengkalis). Two accessions of kenaf (Noonsoon and Khoken) were in the same group with roselle which indicated their genetic linkage to the related species. The first group (A) was divided into two subgroups namely (A1) and (A2). The subgroup A1 consisted with the accessions Cuba, G393 and G4, while the other subgroup (A2) was consisted with two accessions (V36 and Thainung). The second group (B) also consisted with two subgroups. The first subgroup B1 comprised with nine roselle accessions (accession 3, accession 6, accession 12, accession 21, UKMR 1 and UKMR 2, Nigeria, accession 8 and Bengkalis). While the second subgroup comprised of two kenaf accessions namely Noonsoon and Khoken.
Based on the results of the study, nine accessions of roselle and seven accessions of kenaf provided a range of genetic identity between 0.2800 to 0.8780. A wide range of genetic identity of these accessions showed that roselle had relatively low genetic variation. RAPD analysis showed UKMR 1 and UKMR 2 genetically was very close as well as accession 12 and accession 21 in the group B, whereas accessions 6 and Cuba showed the most distinct relationship. UKMR 1 was the closest accession with UKMR 2 having similarity coefficient of 0.8780 and UKMR 1 was close to Accession 21 with similarity coefficient 0.8478. This was because of UKMR 1 and UKMR 2 were a mutant resulted from accession 21. Very low genetic diversity (0.91-0.98 similarities) was also observed among ninety-four roselle accessions by Hanboonsong et al (2000) . However, the range of similarities between the same species was much smaller than the range of different species (Figure 3 ). The range of genetic variation between accessions of roselle viz. UKMR 1, UKMR 2, Accession 12, Accession 21, Accession 3, Accession 6, Accession 8, Nigeria and Bengkalis were small (0.6170 to 0.8780). Accessions of kenaf had similarity coefficient range from 0.2926 to 0.7878 among the accessions G393, Cuba, V36, Thainung, G4, Noonsoon and Khoken. Results showed that the variation between kenaf accessions was higher compare to the variation between roselle accessions. It was due to two accessions of kenaf were more closed to roselle accessions. This was also supported by the dendogram which showed Noonsoon and Khoken in the same group (B) with roselle accessions.
Based on the dendogram generated clustering two kenaf accessions (Noonsoon and Khoken) have been grouped into the second group (B) together with the accessions of roselle. According to the jaccard similarity coefficient, the kenaf accession Noonsoon has low similarity value (0.2954 to 0.5116) compared to the similarity value with roselle which ranged from 0.5000 to 0.6326. Cheng et al. (2000) has concluded that the accessions of same species clustered in the same group in the dendogram. Referring to the dendogram, the kenaf accessions was generated into group A, which showed that they were closely related. However accession V36 had the closest relation with Thainung having similarity coefficient 0.7878. On the other hand, roselle accessions were formed group B.
On the other hand, Bengkalis accession in group B showed high similarity coefficient with roselle accessions. Even though it was from different species and closed to roselle species according to jaccard similarity coefficient. The highest similarity between this accession with other roselle accession was 0.6000. Although Noonsoon and Khoken accessions are from kenaf species but jaccard similarity coefficient showed these two accessions were more related to roselle than kenaf. The similarity between the Noonsoon with other kenaf accession was also lower compared to roselle accessions. The similarity coefficient between Noonsoon and G393 was the lowest (0.2954). Khoken accession had the lowest similarity with Cuba accession with 0.2926. The same thing was noted with Khoken which is much closed with Noonsoon.
The sources of kenaf accessions in that study were narrow, and the number of DNA polymorphic fragments detected were relatively low. Cheng et al. (2002) in previous study reported that RAPD analysis was able to identify kenaf varieties and determine their genetic relationships. The present study showed that most of the roselle and kenaf accessions can be separated into two different groups. Two accessions from kenaf were found to be in the same group with roselle. This condition may occur due to amplification by RAPD primers did not occur in the same area with the other accessions of kenaf.
Conclusion
The present study on genetic relationships between roselle and kenaf accessions using chloroplast and mitochondrial primer based on RAPD markers is very useful to be able to know the intraspecific diversity. The differences between some accessions in the same species were not sufficient. Knowledge from this study is very important for taxonomic classification of roselle and kenaf to the conservation and management program and the development of varieties of these two species can be implemented more effectively.
